Introduction
Tuberculosis (TB) is the leading cause of death from a single bacterial species among adults around the world. The World Health Organization (WHO) estimated that one-third of the world population is infected with Mycobacterium tuberculosis, with 9.4 million new cases and 1.3 million deaths in 2009 [1] .
Reducing death, eliminating disease, and preventing the development of drug-resistant TB are the major goals of TB control [2] . TB-related death is often referred to as a TB control indicator [3] .
Although the developed countries in Europe and North America have well-equipped treatment facilities and provide free and sufficient anti-TB drugs, treatment success rates there are still below WHO's goal of 85%, which may be because of the relatively high death rates. In those countries, TB cases are found in the relatively higher age group and are associated with comorbidities [4] .
In previous studies, even in developed countries with good national TB control programs, more than 10% of cases died during the follow-up period. In high-resource settings, but not in most high TB-burden countries, most cases of death during TB treatment are often because of causes other than TB [5] .
On March 24, 1882, Dr. Robert Koch announced the discovery of Mycobacterium tuberculosis, the bacteria that cause tuberculosis (TB). Dr. Koch's discovery was the most important step taken toward the control and elimination of this deadly disease. In 1982, a century after Dr. Koch's announcement, the first World TB Day was sponsored by the World Health Organization (WHO) and the International Union against Tuberculosis and Lung Disease (IUATLD). The event was intended to educate the public about the devastating 2 Tuberculosis Research and Treatment health and economic consequences of TB, its effect on developing countries, and its continued tragic impact on global health [6] .
Tuberculosis (TB) has been one of the major causes of morbidity and mortality in Ethiopia for long. Accordingly, the Ethiopian Ministry of Health and its stakeholders have put their unreserved and integrated efforts in this health problem. Among these efforts is the well developed Health Management Information System (HMIS) for Tuberculosis programs. However, the direction where Tuberculosis in Ethiopia is heading has not been well analyzed and unpackaged by epidemiologically relevant factors. So, what are the factors that affect the survival of TB patients? It might be gender, age, TB patients category, type of TB, smear result, HIV, and body weight at initiation of treatments of patients. Therefore, to fill this gap there is a need to study the factors that are affecting the survival of patients with tuberculosis. The objectives of this study are (i) to identify the factors that are affecting the survival of the patients with tuberculosis, (ii) to estimate survival time probabilities of the TB patients, (iii) to compare the survival probabilities of the TB patients with respect to different risk factors, and (iv) to identify the factors influencing death status of patient by using the Cox proportional hazards model.
Data and Methodology

The Data.
The data was a retrospective cohort study based on TB patients that were registered in unit TB registers in the health facilities providing DOTS in six randomly selected Addis Ababa Governmental health centres, Addis Ababa, Ethiopia. In this study we used secondary data which was collected from patient follow-up records. Information for this study was extracted from documents of all TB cases registered from September 2012 to August 2013 in six DOTS clinics located in six randomly selected health centres.
Variables in the Study.
The explanatory (independent) variables of interest in this study include demographic factors disease, and medicine related factors, and characteristics of the disease. The response (dependent) variable is continuous; it is length of time of treatment for tuberculosis patients.
The Response Variable.
The dependent variable or response is the waiting time until the occurrence of an event (dead: 1, alive or censored: 0). Observations are censored, in the sense that, for some units, the event of interest has not occurred at the time the data are analyzed.
Predictor Variables.
Predictors or explanatory variables which are called covariates are those whose effect on the waiting time we wish to assess. The predictor (covariate) variables which are assumed to influence the survival of TB patients included in the model are (i) age, (ii) gender, (iii) TB patients category, (iv) type of TB, (v) smear result, (vi) initial weight of patients, and (vii) HIV status.
Method of Data Analysis
Survival Analysis.
The study focused on time to event (time to death by tuberculosis), so the appropriate method of this particular study was survival analysis. We have used Kaplan-Meir estimator and Cox proportional hazard model for the analysis and model building. We have also used logrank tests and Wilcoxon tests for comparison of survival functions. Kaplan Meier analysis was used to study survival pattern; the KM plot, which is a step function, gives some indications about the shape of the survival distribution. The figure in general shows if the pattern of one survivorship function lies above another which means the group defined by the upper curve lived longer, or had a more favourable survival experience, than the group defined by the lower curve.
The Proportional Hazards Model.
It was used for multivariate analysis to identify factors associated with death from tuberculosis and Cox proportional hazards (PH) model given by
where Z = ( 1 , . . . , ) and = ( 1 , . . . , ) , Z is a × 1 vector of covariates such as treatment indicators and prognostic factors, and is a × 1 vector of regression coefficient.
The parameter was estimated by using partial likelihood functions. We used three different tests to assess the significance of the coefficients in Cox proportional hazards model: the partial likelihood ratio test, the Wald test, and the score test.
Selection of Covariates.
We used Hosmer and Lemeshow [7] and Collett [8] that recommended the procedure in variable selection, including all variables that are significant in the univariable analysis at the 20 to 25 percent level and also any other variables which are presumed to be clinically important to fit the initial multivariable model.
Overall Goodness of Fit.
To assess the overall goodness of fit of a Cox proportional hazards regression model Arjas [9] suggests plotting the cumulative observed versus the cumulative expected number of events for subjects with observed (not censored) survival times. If the model fit is adequate, then the points should follow a 45-degree line beginning at the origin.
Results
The statistical packages SAS and STATA have been used to analyze the data. Table 2 exhibits that out of 826 TB patients, 721 patients were censored (87.29%) and 105 patients died (12.71%). The median follow-up time was 168 days for patients that are censored (range from 15 to 284 days); 25% of the patients had 176 days of follow up (upper quartile). The median time of death was 52 days (range from 1 to 190 days). This shows that most of the events/deaths occurred in the earlier months of anti-TB treatment. Figure 1 exhibits that there were differences among survivor curves of age category, initial weight, TB patient category, and HIV status for TB patients. However, there were not clear differences among survivor curves of gender, smear result, and type of TB.
Descriptive Survival Analysis.
Based on Table 3 , we find that logrank test and Wilcoxon test are not significant in survival experience between the various categories of gender, smear result, and type of TB. But, they are significant in survival experience of the patients in different categories of age, body weight at initiation of treatment, TBC, and HIV status (at = 5%).
Results of the Cox Proportional Hazards Model.
We begin with a multivariable model that contains all variables which were significant in the univariate Cox proportional hazard model at the 20-25 percent level. Table 4 exhibits the summary of seven covariate variables in the univariate analysis. The most appropriate subset of these predictors will be selected in the multivariable model based on their contribution to the maximized log partial likelihood of the model (−2LL). The highest reduction in −2LL(̂) is observed for HIV status. This difference is 24.599 which is statistically significant ( value < 0.0001) and suggests that an improvement over the null model would be achieved by including HIV status. The reduction in −2LL(̂) on adding TBC to the null model is 8.19, which is significant. The next reduction in −2LL(̂) on adding age of patients to the null model is 6.728, which is also significant. By using the Wald chi-Square test, the variable age, smear result, TB category, and HIV status are significant at the 25-percent level and therefore they are candidates for inclusion in multivariable model. Age, TB Category, and HIV status have relatively strong associations with the death of TB patients. Omitting the predictors or covariates gender, initial weight, and type of TB from the model does not bring significant changes in the value of −2LL(̂). Therefore, these predictors become the first to be removed from the multivariable models.
The next step is to fit the multivariable Cox proportional model that contains age, smear result, TBC, and HIV status.
So, at this stage we have a multivariable model which includes the three main effect covariates age, TB category (TBC), and HIV status (HIV). These covariates are significant at 5% level of significance.
The other important step is considering variables that are nonsignificant at univariable analysis but may be confounders. The effect of adding each of the three variables gender, weight, and types of TB (TTB) in the model is shown in Table 5 . In particular, when gender, initial weight, and TTB are added, the increase in −2LL(̂) is nonsignificant values, that is, 0.228, 2.142, and 0.736, respectively.
The final step in the model building process is the consideration of interaction terms shown in Table 6 . The Wald test was used to assess the significance of reasonable and possible interactions. The decision for rejection of the null hypothesis is −2LL 2 -(−2LL 1 ) > 2 ( = 0.05) = 3.84. Table 6 shows that the interaction HIV × age was significant. And this is an indication that the interaction of HIV and the age of the patient affects the survival time of the patient.
The results shown in Table 6 ensure that the preliminary model of the study will contain three main effects and one interaction effect. Now, all covariates are significant at 5% level of significance ( Table 7) . The next step is to check the linearity of continuous covariates in the preliminary multivariable model.
Checking for Linearity of Continuous Covariates in the
Model. It can be seen that the plots of martingale residuals in Figure 2 are random showing no systematic patterns or trends, and the LOESS smoothed curve appears to lie about a horizontal line through zero, supporting the inclusion of the untransformed covariates age and age and HIV interaction have a linear relationship with the survival time in Cox model. After a preliminary model has been fitted to an observed set of survival data, our next step would be to assess the adequacy of the fitted model. The model will not be identified as the final model until its fit and adherence to model assumptions.
Diagnosis of the Mode
Assessment of the Proportional Hazards Assumption.
The results of tests of all the time-dependent variables in Table 8 were not significant either individually or collectively, so we do not have enough evidence to reject proportionality assumption of all covariates at 5% level of significance.
The plots of the scaled Schoenfeld residuals and the lowness smooth curves shown in Figures 3(a)-3(d) support the assumption of proportional hazards for each of the four covariates. That is, each subplot in the figure is random, smooth and approximates a horizontal through zero or slope approximately equal to zero. This indicates that none of the four covariates had interaction with log of time; also the plots support the proportional hazards assumption.
Identification of Influential and Poorly Fit Data.
The score residuals for age in Figure 4 (a) display fan shape with the smallest distance near the mean age of 35 and increasing in absolute value for ages increasingly older or younger than 35. The purpose of the plot is to see whether there are subjects whose ages yield unexpectedly large values. This would be seen in the graph as a point lying well away from the others in the plots. In the figure there is one point in the top right at age 80 that falls a bit away from the rest of the points. However, the distance between this point and the others is not striking. The oldest subject, age 85, has score residuals that are well within range of values. Thus, we conclude that there are no high leverage values for age of TB patients. The score residuals for age × HIV interaction are plotted in Figure 4 (b). The plots have one point in the top left corner that fall a bit away from the rest of the other points. But the distance between these points and the others is not striking. The two subsets, one in the top right and one in the bottom right, have score residuals that are well within range of values. Thus, we conclude that there are no high leverage values for age by HIV interaction. In general, the plots in Figure 5 have shown that there are no strikingly large score residuals.
The first six largest changes in parameter estimates are shown in Table 9 . To begin with the largest difference for covariate age is observed for patient numbered 730. The result exhibits that the change in the parameter estimate, if the data for this patient is discarded, is 0.0023234. The standard error, of the parameter estimate for age in the full data set is 0.0076. That is, the percentage change in parameter estimate if the observation is removed is about 30.57% of the standard error that is, less than one standard error. Thus, removing this observation would not bring a significant change on age of patients. It is similar for covariates TBC, HIV, and age by HIV interaction. Therefore, it can be concluded that there was no aberrant observation in the data set that illegitimately inflated the estimates of the parameters of the covariates in the final model.
Checking for Overall Goodness of Fit.
The cumulative hazard plot of the Cox-Snell residuals is shown in Figure 5 .
We see that the hazard function is reasonably straight line that has a unit slope and zero interception. It approximates the 45-degree line very closely except for very large values of time. Overall we would conclude that the final model fits the data very well. Therefore, the model with estimates as given in Table 7 is the final model.
Interpretation of the Results.
The results of the fitted final model in Table 7 are interpreted in terms of hazard ratios (HR). The coefficient of the categorical covariates is interpreted as the logarithm of the ratio of the hazard of death to the baseline (reference group) hazard. That is, they are interpreted by comparing the reference group with others. Similarly, the coefficient for a continuous explanatory variable indicates the estimated change in the logarithm of the hazard ratio for a unit increase in the value of the respective covariate when the remaining covariates in the model are controlled.
Only the covariate TB patient category (TBC) has hazard ratio that is estimated by exponentiating its estimated coefficient. This is because the covariates age and HIV are involved in interaction. The estimated coefficient for a new case of TB was −0.54298, which decreases the hazards of experiencing death by a factor exp(−0.54289) = 0.581 (95% CI: 0.369-0.916); that is, the patients with a new case of TB have about 41.9% lower mortality rate than patients with nonnew case TB. The 95-percent confidence interval suggested that the rate could be as much as 63.1 percent lower to only 8.4 percent lower. The estimated hazard ratio pointed to a significant benefit for the new case of the two TB patient categories, controlling for all other model covariates.
Age and HIV status are present in the model, with both main effects and their interaction. Since HIV status is at two levels, we present hazard ratios for age at each HIV status rather than for HIV status at each age. For example, the estimate hazard ratios for an increase of 15 years of age at HIV-negative and HIV-positive were found to be 1.51, 0.82, respectively. This means that being older by 15 years at HIVnegative increased the rate of death by about 51 percent and HIV-positive reduces the rate of death by about 18 percent.
Discussion
This study is an attempt to identify the factors that affect the survival of the patients with tuberculosis; we found that from the Kaplan-Meier survival estimates there was a significant difference in survival by the age, body weight at initiation of treatment, TB patient category, and HIV status. However, there were no differences among survival curves of gender, smear result, and type of TB patients. The logrank test also showed that there was no significant difference in survival experience between the various categories of gender, smear result, and type of TB ( value > 0.05). However, the test showed that the survival experience of patients in different categories of age (logrank statistic = 11.0320, value = 0.0053), initial weight (logrank statistic = 4.4974, value = 0.0179), TBC (logrank statistic = 9.7252, value = 0.0008), and HIV status (logrank statistic = 27.6614, value ≤ 0.0001) differ significantly. The multivariable Cox proportional hazards regression results analysis indicated that the three covariates age, TB patient category, HIV, and the interaction age by HIV were significantly associated with death among TB patients. Gender, body weight at initiation of treatment, Figure 4 : Graphs of the score residuals computed from the model in Table 7 for (a) age of TB patients and (b) age by HIV status interaction. Table 7 . The 45-degree straight line through the origin is drawn for reference.
smear result, and type of TB were not significantly associated with factors that are affecting the survival of patients with tuberculosis. A study by Oursler et al. [5] showed that a total of 29 (21%) of the 139 patients died during treatment; the median time to death among these patients was 39 days and follow up for survivors was 202 days. (Lo et al. [10] ) showed that, 50% of deaths occurred within 2 months. In this study we found that out of 826 TB patients, 721 patients were censored (87.29%) and 105 patients died (12.71%) during treatment; the median follow-up time is 168 days for patients that are censored (range from 15 to 284 days), 25% of the patients had 176 days of follow up (upper quartile). The median time to death among those patients who died was 52 days (ranges from 1 to 190 days); this shows that most of the events/deaths occurred in the earlier months of TB treatment initiation.
The survival curves of TB patient among age groups are significantly different. There was no difference in the survival curves of male and female patients and according to type of disease [11] . A study by Getahun et al. [12] conducted in Addis Ababa showed that the survival status was significantly different between patient age, weight at initiation of anti-TB treatment, patient category, year of enrolment, and treatment centre. We also found a similar result, no differences among survivor curves of gender and type of disease. However, there was a difference among survivor curves of age category, body weight at initiation of treatment, TB patient category, and HIV status for TB patients.
Age has been identified as an important risk factor for death in tuberculosis patients. Different studies showed that age was a factor that is affecting the survival of TB patients. According to Horne et al. [13] in Washington State, mortality was independently associated with increasing age. A study in Maryland, community-based cohort of patients with drugsusceptible pulmonary TB, showed age was strongly associated with the risk of death [5] . A study in Brazil showed that age was statistically significant in the multivariable Cox regression model [14, 15] . Another study also showed that age has been identified as an important risk factor for death in tuberculosis patients [10] [11] [12] [16] [17] [18] (Lo et al.) . Our study also found that age was statistically a significant risk factor for death.
A study was carried out in Brazil aimed at analyzing survival probability and identifying risk factors for death from tuberculosis in a cohort of patients living in Recife who started treatment for tuberculosis. During follow up HIVpositive was statistically significant in the multivariable Cox regression model [14] . Also HIV coinfection was statistically Table 9 : The six highest differences in the parameter estimates of the variables included in the model in Table 7 when the data value for each patient is in turn deleted from the model, approximate delta-betas for age (̂1), TBC (̂2), HIV (̂3), and age by HIV (̂4). associated with an increased risk of death in TB patients during treatment [5, 13, 15, 19] . We have also found a similar result; that is, HIV coinfection was a statistically significant risk factor for death in TB patient, and this means the risk of death in TB patients with HIV infection was higher than in those without HIV infection (hazard ratio = 9.888 value ≤ 0.0001) in multivariable Cox proportional hazard regression model. Similar to our finding, other studies have also shown that TB patient category (TBC) was statistically associated with death of patients with tuberculosis [14, 15, 20, 21] (Mathew et  al.) .
The present study identified that body weight at initiation of treatment was not the risk factor for death in tuberculosis patients in multivariable Cox proportional regression model during antituberculosis treatment period (hazards ratio = 0.991, value = 0.2659). However, studies by [12, 14, 20] reported that body weight at initiation of treatment was a risk factor for death from TB and is associated with survival of patients who begin treatment for tuberculosis.
In this study, the covariates gender and type of TB (TTB) were not found to be factors that affect the survival of patients with TB. But, different studies reported that males were at higher risk factor for death in TB patients [13, 16, 19, 22, 23] (Low et al.) and types of tuberculosis (positive pulmonary, negative pulmonary, and extrapulmonary tuberculosis) were identified as the significant factors for mortality of tuberculosis patients [15, 18, 19] .
In this study age with HIV interaction was found a risk factor associated with death of tuberculosis patients. This study is consistent to the study conducted by (Lo et al.) [10] ; the study revealed that HIV infection is a significant factor among younger age groups of tuberculosis patients.
Limitations of the study are as follows. The study is conducted based on secondary data which might have incomplete and biased information. Also information might have been missed in case of many censored observations. In many tuberculosis patients, multiple causes of death may act simultaneously, so the cause of death may not be determined accurately.
